The substance, present in anti-kidney serum, which induces a special type of nephritis when injected into animals, is considered by most authors to be a nephrotoxin, relatively organ specific for renal tissue. Both the literature and experiments carried out in our laboratory supporting this conception have already been presented (1) . Nevertheless there are some who doubt the existence of a strictly organ specific antibody, because of cross reactions. It seemed advisable, therefore, to pursue the investigations still further; as a result the following experiments are presented which confirm the conception that nephrotoxin is quite highly, even if not strictly, organ specific.
EXPEI~ rMENTAL
Materials and Methods Antiserum.--Anti-rat-kidney serum was prepared by immunizing rabbits with a suspension of peffused rat kidney by a method slightly different from that previously employed (1) . Suspensions of perfused rat kidney were ground without abrasive, and an effort was made, in this ease, to obtain for the immunizing injections all of the finer particles of the ground kidney in addition to the extract of kidney substance in solution in the saline. The suspension was kept at a temperature of 10°C. for 24 to 48 hours while the sterility was determined. 10 co. of the resultant suspension, which just passed through an 18 gauge needle, were injected intraperitoneaUy into each of six young adult male rabbits on 3 consecutive days each week. A 10 per cent concentration was employed the 1st week, 15 per cent the 2nd, and 20 per cent thereafter. Sera obtained from all of the rabbits 6 days after the twelfth ~mmunizing treatment (4th week) contained an 557 appreciable amount of nephrotoxin, in most instances rather low in titer. Of the most effective serum, 0.7 cc. per 100 gm. of rat body weight was required to induce a severe nephrotoxic picture, and of the least potent, 1.4 cc. were needed. After four more treatments of the rabbits, bringing the total injections to sixteen, the nephrotoxic titer of the antisera rose, so that the most active serum, No. 4557, which was used throughout the present experiments, was capable of inducing marked nephritis when 0.5 cc., in divided doses, was given intravenously to a 100 gin. rat over a period of several days. A total amount of 0.65 cc. given in fractional doses always induced a severe nephrotoxic effect; and an occasional animal succumbed during the acute phase of the disease. It should be mentioned that this method of calculating dosages on the basis of body weight did not hold over the entire weight range for rats. Small animals (40 to 50 gm.) required more serum in proportion, and large animals (150 to 250 gm.) required relatively less than those ranging from 75 to 125 gin. Probably a calculation based on surface area would have been more accurate.
Absorbing Kidney Suspensions.--Tissue extracts for intravenous injection into
rats were usually employed in 20 per cent concentrations prepared as follows: Immediately after perfusion the organ was removed aseptically, finely minced with scissors, and then ground without abrasive in a mortar. The ground tissue was weighed and diluted with sufficient saline to make a 20 per cent suspension. This was stored at 10°C. for 2 days, then centrifuged at 2,500 R.p.~r. for 30 minutes. The granular sediment and floating fat were discarded, and the somewhat opalescent tan colored mid-zone was used. Extracts were also prepared from unperfused organs which had been ground and washed three times with large volumes of saline. An estimate of the protein content of tissue extracts was made by the technique of Shevky and Stafford (2).
Effect of Injecting Saline Extracts of Perfused Kidney Immediately before Administering Nephrotoxic Serum
Nephrotoxic serum acts as weU in divided doses as in a single dose, and this method of administration avoids severe side effects; therefore most of the tests were carried out with this technique. (Table I) , weight 50 gin., received a total amount of 0.4 cc. of nephrotoxic serum, i.e. 0.8 co. per 100 gm. body weight, in four doses given at daily intervals. Preceding each dose the animal received 1.5 cc. of perfused kidney extract. No evidence of renal damage was detected in the following 2 weeks. The control, rat N-308, on the other hand, received the same nephrotoxic serum in similar doses preceded by normal saline and developed the usual typical evidences of nephritis.
Seven rats treated in this manner received varying amounts of perfused kidney extract and nephrotoxic serum. In four no evidence of renal damage was obtained, although the amounts of the serum given were sufficient to induce severe nephritis in controls. These four rats received 1.5 or 2.0 cc. of 20 per cent kidney extract followed by 0.1 cc. of serum 4557 on 4 consecutive days. No hlstopathological lesions were found in any of the animals that showed clinically an inhibition of the nephrotoxic action of anti-kidney serum. When, on the other hand, the amount of kidney extract was reduced below a certain minimum, the inhibitory effect was less apparent.
For example, a rat weighing 59 gln. received four daffy treatments consisting of 1.0 cc. of 40 per cent kidney extract followed immediately by 0.15 cc. (0.25 cc. per 100 gin. body weight), of serum 4557. The nephrotoxin was only partially inhibited. Another animsl of the same weight as N-326 (Table II) was treated with identical amounts of the same kidney extract and serum and developed severe nephritis. In this instance the kidney extract was filtered through a Seitz pad which changed it from an opalescent solution to a clear one and probably reduced its protein content, although no quantitative determination was made. The final animal in this group received a total of 2.0 ce. of 20 per cent kidney extract and 0.6 cc. of anti-kidney serum per 100 gm. of body weight but half of the extract was given in divided doses over a period of 3 consecutive days before the serum injections were begun. The first 0.2 cc. of serum followed the administration of kidney extract by 24 hours and the two subsequent serum injections were preceded by 0.3 cc. and 0.7 cc. of extract respectively. The failure of this animal to show inhibition of nephrotoxin suggests that adequate amounts of kidney extract must be given very shortly before the anti-kidney serum in order to prevent nephritis.
Effect of Injecting Saline Extracts of Perfused Liver Immediately before Administering Nephrotoxic Serum
It was obviously necessary to learn whether this inhibitory effect, demonstrable in vivo, was organ specific, especially in view of previous experiments (1) in which it was shown that liver extracts in relatively large amounts apparently neutralized the nephrotoxic effect when mixed with nephrotoxic serum in vitro before the latter was given to rats. of liver extract was given, followed by 0.1 cc. of anti-kidney serum; hence a total of 0.62 cc. per 100 gin. body weight of this particular nephrotoxic serum was injected. The animal developed typical nephritis clinically; and the kidneys removed 3 days after the last treatment revealed both macro-and microscopic evidence (3) of this type of nephritis. A control rat, N-326, that received the same serum, preceded by kidney instead of liver extract, remained healthy.
This, and similar experiments, indicate that the nephrotoxic principle in anti-kidney serum is specifically absorbed by extract of renal substance.
Effect of Injecting Saline Immediately before Administering Nep hrotoxic Serum
The question naturally arises as to whether a dilution factor might have been responsible, in part, for the less marked effect of nephrotoxic serum given after injecting kidney or other extracts. This apparently can be answered in the negative, for repeatedly it has been shown that anti-kidney serum was as effective when diluted in vitro as when given in a concentrated form. The marked nephritis found in control rat N-308 (Table I) , also demonstrates that dilution of the blood with saline previous to the administration of anti-kidney serum does not diminish its nephrotoxic influence.
Effect of Saline~Extracts of Unperfused Kidney and Liver
Attempts were made to repeat the foregoing experiments with saline extracts of kidneys and livers which were removed from rats immediately after they were exsanguinated. The organs were finely minced and ground in mortars, then washed with large amounts of physiological salt solution prior to extraction. Severe general shocklike reactions usually followed the intravenous injection of appreciable amounts of these extracts, whether they were given alone or followed by nephrotoxic serum. This experience convinced us that for the demonstration of antinephrotoxic effects of organ extracts in vivo a suitable preparation of the solutions or suspensions is necessary.
DISCUSSION
The present experiments have shown that adequate amounts of a saline extract of rat kidney, when injected intravenously in rats immediately prior to the administration of anti-rat-kidney serum, inhibit the nephrotoxic action of the serum. On the other hand, a preparatory treatment with rat liver extract which absorbs the nephrotoxin in vitro, or with saline, does not inhibit the nephrotoxic action of anti-kidney serum.
The ability of kidney extract to neutralize in v/vo the nephrotoxic action of anti-kidney serum presumably depends on a combination of nephrotoxin with the soluble kidney material either in the blood stream or before the antibody affects the cells of the recipient kidney. The antigen-antibody combination within the body is, under these circumstances, not sufficient in itself to induce the nephrotoxic picture nor is any secondary product evolved which induces the condition. This is not an isolated example of an antigen-antibody combination being harmless in v/vo; for it has been shown (1, 4) that anti-rat serum precipitins, prepared by immunizing rabbits with rat serum, can be given intravenously to rats in large amounts without inducing untoward signs or pathological lesions. To attain this effect the animal must be prepared by several daily increasing doses of antirat serum precipitins, beginning with an amount too small to induce a notable effect. Renal lesions may result from simple reverse anaphylaxis in rats (1, 4) but they are distinctly different from those observed after treatment with nephrotoxin. Masugi's (5) observations on the kidneys of sensitized rabbits that received shocking doses of antigen by various routes led him to conclude that any in vivo antigen-antibody reaction might result in a glomerulonephritis comparable to human nephritis. Our experience does not support such a conclusion.
Although the present observations indicate a strict organ specificity of nephrotoxin for kidney tissue, still the concept of relative organ specificity previously presented cannot be entirely discarded. The basis for considering nephrotoxin only relatively specific was twofold (1): first, while kidney tissue extract readily absorbed nephrotoxin in vitro, liver tissue extract, used repeatedly in large amounts, also removed it; and, second, a weak nephrotoxic effect was occasionally demonstrated in antisera prepared against organs other than kidney, ~/z. brain (1) and liver (6) . Even though the absorption with liver might be interpreted as indicating a species specific absorption and not an overlapping organ specific absorption, because large amounts of liver tissue were required, still the second point must be remembered in interpreting the present experiments. The entire body of evidence so far presented, however, points to a relatively strict organ specificity of nephrotoxin in properly prepared anti-rat-kidney serum. SUMM~Ry A saline extract of perfused rat kidney administered intravenously to rats immediately before injecting an anti-rat-kidney serum, by the same route, prevents renal damage. A preliminary injection of physiological salt solution or of an extract of perfused rat liver has no preventive effect.
These findings are a further indication that the nephrotoxic effect induced by anti-kidney serum is dependent upon a relatively organ specific antibody, nephrotoxin. BIBLIOGRAPHY 
